Whether coupling auxiliary information (except for conventional rainfall-runoff and temperature data) into hydrological models can improve model performance and transferability is still an open question. In this study, we chose a glacier catchment to test the effect of auxiliary information, i.e., distributed forcing input, topography, snow-ice accumulation and melting on model calibrationvalidation and transferability. First, we applied the point observed precipitation and temperature as forcing data, to test the model performance in calibration-validation and transferability. Second, we took spatial distribution of forcing data into account, and did the same test. Third, the aspect was involved to do an identical experiment. Finally, the snow-ice simulation was used as part of the objective function in calibration, and to conduct the same experiment. Through stepwisely accounting these three pieces of auxiliary information, we found that a model without involving forcing data distribution, local relief, or snow-ice data can also perform well in calibration, but adding forcing data distribution and topography can dramatically increase model validation and transferability. It is also remarkable that including the snow-ice simulation into objective function did not improve model performance and transferability in this study. This may be because the well-gauged hydro-meteorological data are sufficient to constrain a well-designed hydrological model.
INTRODUCTION
'Auxiliary' data in rainfall-runoff modelling are here defined as all data except conventional meteorological data (i.e., precipitation and temperature) and streamflow data which are indispensable information to force and calibrate hydrologi- Unfortunately, at least in practical implementation, it is still not uncommon that the only input for hydrological models are the conventional meteorological data as forcing, and streamflow data are utilized as an objective to calibrate and validate parameter sets with fixed model structures.
With auxiliary information, whether we can improve model performance or merely increase model redundancy is still an unaddressed question. Some hydrologists have found that auxiliary information was useful to improve model performance, and some drew the opposite conclusion. For example, Winsemius et al. () used satellite data, i.e., remote sensed evaporation, as auxiliary information to calibrate a model and gain deeper understanding of the hydrological processes in a real ungauged basin in Africa. Fenicia et al. () used groundwater and water isotope auxiliary data in addition to streamflow to understand how different sources of data can motivate model development and help to understand catchment behavior. They found that both groundwater and isotope data could be used to understand threshold processes and mixing processes in the catchment, respectively. Tangdamrongsub et al. () found that data assimilation of GRACE terrestrial water storage into a hydrological model had improved groundwater estimation, but not in streamflow estimation. Sometimes, due to observation artifacts, auxiliary data do not have undoubted superiority over simulated results. For example, Winsemius et al. () found the discrepancy of GRACE and a hydrological model is probably caused by the data quality of GRACE; Matgen et al. () found that assimilating the remote sensing soil moisture even resulted in a negative impact on discharge simulation.
In spite of the availability of auxiliary information, most studies have focused on the impact of model performance in either internal fluxes or streamflow (Hailegeorgis & Alfredsen ; Li et al. a) , and the impact of auxiliary information on model transferability is rarely tested. Therefore, hydrological model transferability is still a great challenge in the hydrology community (Hrachowitz et al.
; Biondi & De Luca ). Beyond calibration-validation
for one catchment, model transferability can serve as an indicator to more rigorous testing (Refsgaard et al. ) of their physical realism, and whether models get the right answer for the right reasons (Kirchner ) . Model transferability is also related to model upscaling (Hrachowitz et al. ; Gao et al. a) , which is essential in hydrological modeling and water resources management. Ignoring catchment landscape heterogeneity is one reason to ruin model transferability (Gao et al. a) . Theoretically, additional data are helpful for us to gain a deeper under- Cheng et al. ). For example, snow and ice melt accounts for half of surface runoff for the entire Urumqi River basin (Ma ) . In Tarim River, a neighbor catchment of the Urumqi River basin, glacier melt accounts for over 40% of the total surface runoff (Liu et al. ) . The snow and ice cover are monitored both by field survey and remote sensing, and a large amount of data has been collected (Liu et al. ) . However, how to use this information to aid hydrological modeling and whether this type of information will improve model performance are still unaddressed questions.
In this study, we tested the hypothesis that adding forcing data spatial distribution, topography, and snow and ice information will improve model performance and transferability in a glacier catchment in Central Asia. Compared with other auxiliary information, i.e., groundwater storage and fluctuation, saturated area fraction, or isotopic data, topographic information and snow and ice data are more easily observable, more reliable and with less uncertainty. Therefore, it is worthwhile to test the benefit of this type of auxiliary information to improve model performance and transferability. Particularly, we selected a well-gauged catchment -the Urumqi Glacier No.1 catchment -as a case study to conduct the research. A stepwise modeling framework was implemented. First, we used the meteorological station observed precipitation and temperature as forcing data, to test the results of model simulation and transferability. Second, we took forcing data spatial distribution into account, and did the same test. Third, the local relief, i.e., aspect, was considered. Finally, the simulation of snow and ice was incorporated as part of the objective function to do calibration and then transferability tests. 
STUDY SITE AND DATA

Forcing data and their interpolation
The long-term mean annual temperature is À5.1 W C, with 
METHODS
Model
Snow model
Separate snowfall and rainfall. Precipitation is simulated to be either snow (P s ) or rain (P l ) depending on whether the daily average air temperature (T ) is above or below a threshold temperature, (1) and (2)) (Han et al. ) . It is worthwhile to note that with more detailed auxiliary information, a dynamic scheme can be a competent alternative to estimate the snowfall (Ding et al. ) . indicates the melted snow. Equation (4) shows the water balance of S wl reservoir, where the P e (mm d À1 ) means the effective precipitation from snow pack to soil and the SWE is the sum of solid and liquid water of snow pack. Snowmelt (M s ) is calculated with the widely used temperature-index approach (Equation (5)) (Braithwaite & Olesen ; Hock ), which uses a degree-day factor F dd
) to calculate melt water by the temperature above the threshold temperature T t ( W C). The liquid water in the S wl from meltwater and rainfall is retained within the snowpack until it exceeds a certain fraction, C wh (-), of the solid SWE (S w ) (Equation (6)) (Seibert ).
Liquid water within the snowpack refreezes according to Equation (7). F rr (-) is the correct factor to simulate liquid water refreezing, while temperature is below T t (Seibert ).
Model for non-glacier area Unsaturated reservoir. The water balance of the unsaturated
where P e (mm d
À1
) is the effective rainfall to soil;
is the actual evaporation, which was assumed to equal to potential evaporation, since energy is not the constraint factor for evaporation in this region (Kang et al. ) ; R u (mm d À1 ) is the streamflow generated from the unsaturated reservoir (Equation (8)). Water retention curve of the Xinanjiang model (Equation (9)) (Zhao ) was used to separate P e into retained water in S u and R u , and S u,max (mm) is the root zone storage capacity and β (À) is the shape parameter.
Response reservoir in non-glacier area. A splitter D (À) was applied to divide the R u into two fluxes (R f and R s ) and into two response reservoirs (S f and S s ). We used two linear reservoirs (S f and S s ) to represent the response process of subsurface storm flow Q f (mm d À1 ) and
where 
Glacier melting and mass balance
If the ice is covered by snow, the energy is first provided to melt snow. The ice only starts to melt without snow cover. The temperature-index method is used to simulate glacier melt M g (mm d À1 ) (Equation (14)).
Mainly due to the lesser albedo of ice cover (Fujita & Sakai ), the degree-day factor of glaciers is larger than snow degree-day factor in the same region (Braithwaite & Olesen ; Seibert et al. ) . Therefore, we use a multiplier (C g ) to get the glacier degreeday factor by F dd .
The response routine on ice is calculated by an independent linear reservoir S g (Equations (15) and (16)),
.
The GMB of each elevation band (S g ) can be derived from precipitation (P) on glaciers and simulated glacier streamflow (Q g ).
The sum of the S g weighted by their area proportion is the GMB of the entire glacier. It is worthwhile to note that the calculated annual GMB is the water equivalent, which should be transformed into the ice thickness before comparing with measured GMB, divided by the ice density (0.91 g/cm 3 ). The ELA is the altitude where accumulation and ablation are equal at a given period.
Snow/ice melting on different aspects
With the same air temperature, the south facing aspects get more direct solar radiation, which provides the most critical energy source for snow/ice melting (Hock ), and resulting in more melting water; while the north facing aspects get less direct solar radiation due to the topography shadow impact. The east/west facing aspects receive the intermediate solar radiation and then melting water with the same air temperature. The influence of aspect is taken into account by a multiplier C a (À), which is larger than 1. Specifically, the F dd in south facing aspects are multiplied by C a , and the north facing aspects are multiplied by 1/C a , and the east/west facing aspects are kept as F dd .
Model calibration and evaluation approach
Objective functions
The Kling-Gupta efficiency (Gupta et al. ) (I KGE ) was used as objective function for calibration and the criteria to evaluate model performance. The equation is: The I KGE is set as the objective function. The prior ranges of parameters are mostly determined by the literature, and are shown in Table 2 . Monte Carlo was applied to sample 50,000 sets of parameters within prior ranges, and then the best 1% (500 parameter sets) was selected as behavioral parameter sets to do further analysis. The daily streamflow from 1985 to 1996 was used to do calibration, while the rest of daily streamflow data were severed to validate the models. All the models were warmed-up by one year spinup period.
Experiments
We designed four model setups to conduct four virtual experiments. Forcing data, model structure, and method to calculate the objective function were modified step by step.
Develop a glacier hydrological model, whose detailed information was described in the section 'Model'. The impact of elevation on forcing data distribution and the influence of aspect on melting are not taken into account in this experimental scenario. The in situ observed meteorological data were used as input. We can only safely address that if the parameters are well identified, which indicates the importance of certain hydrological processes represented by the parameters. There is no direct linkage between model reliability, model performance, and the parameter identifiability.
Moreover, we can also find the trade-off between related parameters, such as T t and F dd . For example, the M nA F P O H fits hydrography with larger T t than the other model setups, which indicates snowfall occurs and starts to melt with higher temperature. On the one hand, this increases the proportion of snowfall, and simultaneously decreases the positive degree-days for snow and ice melting, therefore larger degree-day factor (F dd ) is needed to compensate the change. This parameter's trade-off phenomenon might be hidden in calibration by compensation, but could be amplified if we do model validation and parameter transfer.
Snow and ice simulation
The observed and simulated SWE from March 1st, 1987 to February 29th, 1988 are shown in Figure 6 . Interestingly, Given that glacier melt is the dominant hydrological process in these two catchments, it is worthwhile to analyze the glacier distribution for different aspects to understand the influence of aspect on model transferability. By map algebra, we analyzed the aspect map together with the glacier map, and found that 55% of the Glacier No.1 catchment is covered by glacier: 52% is covered by east/ west facing glacier, 46% with north facing glacier, and less The reason is probably caused by the fact that the dominant hydrological processes have been fairly reflected in the observed hydrograph and the well-designed model.
Moreover, the key processes of submodels have been 
CONCLUSIONS
This study tested the impact of auxiliary information, i. From this study, we can draw the following conclusions:
1. Forcing data spatial distribution, including precipitation and temperature, is essential in a snow and ice melt dominant catchment, and helpful to improve model performance in validation and model transferability.
2. Accounting for topography, i.e., aspect, in glacier and snow melting model can increase model realism and improve model transferability, but not as obvious as the forcing data spatial distribution, because the aspect information, to some extent, has been implicitly involved while coupling the glacier distribution information.
3. Well-gauged hydro-meteorological data might be sufficient to constrain a well-designed hydrological model.
Involving the snow and ice data to constrain model parameters does not guarantee the improvement of model performance for streamflow simulation and model transferability.
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